Introduction that the expression of caudalizing activity in the caudal paraxial mesoderm is promoted by fibroblast growth In vertebrates, the early patterning of specific neural cell factors (FGFs). The initial acquisition of distinct propertypes depends on the position that cells in the neural ties of neural plate cells at telencephalic levels may plate occupy with reference to local sources of secreted also depend in part on the exclusion of BMP-mediated inductive factors. At caudal levels of the neuraxis that signaling from telencephalic level epidermal ectoderm. give rise to the spinal cord and hindbrain, the identity Taken together with recent studies on the rostralizing and position of generation of cells appears to be defined activity of the prechordal mesoderm (Dale et al., 1997) , by independent signaling systems that operate along these findings provide evidence that in the amniote emthe rostrocaudal and dorsoventral axes of the neural bryo, the initial divergence in fate of neural progenitor tube (Lumsden and Krumlauf, 1996; Tanabe and Jessell, cells at rostral and caudal levels of the neural plate may 1996). Dorsoventral patterning depends initially on the be the consequence of position-dependent differences actions of Sonic Hedgehog (SHH), a ventralizing signal in the signaling activities of both the axial and paraxial secreted by axial midline cells of the notochord (remesoderm and the epidermal ectoderm. viewed by Hammerschmidt et al., 1997) , and an opponent dorsalizing signal mediated by bone morphogenetic proteins (BMPs) derived initially from the Results epidermal ectoderm (Basler et al., 1993; Selleck and Previous studies (Ericson et al., 1995) have shown that distinct ventral cell types are induced at telencephalic ‡ To whom correspondence should be addressed. (M) Position of the prospective telencephalic (T) and rhombencephalic (R) regions in a stage 6 chick embryo, determined by construction of and more caudal levels of the neural tube in response These differences are maintained until stage 16 (data not shown). to SHH signaling. Thus, ventral fates appear to be dependent on a preestablished rostrocaudal regional idenAt spinal cord levels, Msx1/2 and Slug expression can be induced by signals from the epidermal ectoderm that tity of neural cells. This finding raises two issues. First, is the generation of distinct classes of dorsal cell types are mimicked by BMPs . This finding prompted us to examine whether the rostrocaudal exalso constrained by a rostrocaudal restriction in the early properties of neural plate cells? Second, are such rostrotent of Msx1/2 and Slug expression might be a reflection of the domain of BMP gene expression in the flanking caudal differences intrinsic to neural cells, or are they imposed by signals from nonneural tissues? And, if so, epidermal ectoderm. Consistent with other recent studies (Pourquie et al., 1996; Schultheiss et al., 1997) 1L ). At these stages, BMP7 was also dal character of neural plate cells, we first defined the expressed in the neural and epidermal ectoderm in a pattern of differentiation of dorsal cell types at prospecpattern similar to that of BMP4, but at lower levels (data tive rhombencephalic (R) and anterior prosencephalic not shown). These observations show that up to stage telencephalic (T) levels of the neuraxis. Neural progeni-8, the expression of BMP4 and BMP7 in the epidermal tor cells of dorsal character were identified by expresectoderm flanking the neural plate is restricted to caudal sion of the Msx1/2 homeodomain proteins (Liem et al., levels ( Figure 1M ). 1995; Monsoro-Burq et al., 1995) . Premigratory neural crest cells represent a dorsal cell type that is generated selectively at levels caudal to the mid-diencephalon Telencephalic Progenitors Respond to BMPs and to Signals from Caudal Epidermal Ectoderm (Couly and Le Douarin, 1986; Sechrist et al., 1995; N. Le Douarin and A. Lumsden, personal communication) . We but Do Not Generate Caudal Cell Types The absence of neural crest cell generation at T levels therefore used the presence of premigratory neuronal crest cells as a marker of caudal neural fate, identifying could reflect the lack of a relevant inductive signal from the epidermal ectoderm, a restriction in the ability of T these cells by expression of the zinc finger protein Slug (Nieto et al., 1994; Liem et al., 1995) . In embryos examprogenitor cells to respond to such a signal, or both. To examine these possibilities, we monitored the expresined at Hamburger-Hamilton stage 6, the neural plate at R levels expressed Msx1/2 but not Slug in the lateral sion of Msx1/2 and the generation of Slug ϩ and HNK-1 ϩ neural crest cells in stage 6 neural plate explants isolated part of the neural plate ( Figures 1A and 1B) . At T levels, neither Msx1/2 nor Slug were expressed by neural cells, from R levels ( Figure 1M ) and stage 6 and stage 8 explants isolated from T levels ( Figure 1M ; see also Couly although Msx1/2 was expressed in the epidermal ectoderm at R and to a lesser extent at T levels (Figures 1D and Le Douarin, 1986) . The neural origin of these explants was established by the expression of the L5 antiand 1E). By stage 8, both Msx1/2 ϩ and Slug ϩ cells were detected in the dorsal neural folds at R levels (Figures gen (Roberts et al., 1991; Figures 1Q, 1Y, and 1GЈ) . Explants were cultured for 24-44 hr alone or with BMP4. 1G and 1H), but neither marker was expressed at T levels of the neural plate ( Figures 1J and 1K) . Thus, by stage
In explants grown alone, Msx1/2 ϩ cells were detected at R but not at T levels ( Figures 1N, 1V , and 1DЈ). No 8, there are marked differences in the profile of gene expression by dorsal neural plate cells at R and T levels. Slug ϩ cells or migratory HNK-1 ϩ cells were detected in a neural plate fate map (Ericson et al., 1995; M. Placzek, personal communication neural plate explants from either R (Figures 1O and 1P) tested this by comparing the ability of epidermal ectoderm isolated from R or T levels to induce Slug expresor T levels ( Figures 1W, 1X 1JЈ ) in explants derived from T levels, whereas these ectoderm induced the expression of Slug in R neural plate explants ( Figure 2B ) and induced Msx1/2 but not neural crest markers were induced in R explants ( Figures  1S and 1T) . Thus, even though T level progenitor cells Slug expression in T neural plate explants ( Figures 2D  and 2E ). In contrast, T epidermal ectoderm did not inrespond to BMPs, they do not generate neural crest cells.
duce Slug expression in R neural plate explants ( Figure  2H ), nor did it induce Msx1/2 or Slug expression in T The ability of cells in T explants to respond to BMPs permitted us to examine whether the epidermal ectoneural plate explants ( Figures 2J and 2K ). These results show that the epidermal ectoderm at T levels is devoid derm at T levels possesses any dorsalizing activity, independent of the expression of BMP4 and BMP7. We of detectable Msx1/2-inducing activity, although such 
activity is readily detectable in the epidermal ectoderm
To test this possibility, we cultured stage 6 T neural plate explants with potential sources of a caudalizing at R levels. Thus, the absence of expression of Msx1/2 during the early development of the telencephalon in signal. We first monitored dorsal cell fates, as assessed by the generation of Slug ϩ cells and HNK-1 ϩ neural vivo may reflect the exclusion of BMP expression from the flanking epidermal ectoderm.
crest cells in the presence of BMP4. R level epidermal ectoderm did not induce Slug expression in T explants, providing evidence that the epidermal ectoderm does Paraxial Mesoderm Induces Caudal Potential in Telencephalic Neural Progenitors not possess a caudalizing activity. Caudal neural plate tissue also appears not to possess a caudalizing activity. The existence of an early rostrocaudal difference in the properties of neural plate cells, defined by the potential Stage 6 and 8 quail R intermediate neural plate explants did not induce the generation of Slug ϩ and HNK-1 ϩ cells for generation of both dorsal and ventral cell types, prompted us to examine how this regional property of in chick T explants in the presence of BMP4 (data not shown). neural progenitors might be established. One possibility is that T fates are acquired in response to a rostralizing Since the paraxial mesoderm underlies the neural plate at early stages, we next examined whether paraxial signal from rostral nonneural tissues.
To test this, we examined the ability of rostral tissues mesoderm might possess such a caudalizing activity.
To test this possibility, R level paraxial mesoderm or T to induce telencephalic properties in R neural plate explants. T level epidermal ectoderm did not suppress level lateral mesendoderm was isolated at stage 6 and grown in contact with T neural plate explants for 24 hr Slug expression when grown in contact with stage 6 (or stage 4, see below) R level neural plate explants in the in the absence or presence of BMP4. T neural explants grown with R level paraxial mesoderm in the presence presence of BMP4 (data not shown). Moreover, R neural explants grown with T epidermal ectoderm in the presof BMP4 generated Msx1/2 ϩ , Slug ϩ , and HNK-1 ϩ cells ( Figures 3E-3H ), whereas these markers were not inence of SHH (10 nM) did not generate cells that expressed the homeodomain protein Nkx2.1 (data not duced by R level paraxial mesoderm in the absence of BMP4 ( Figures 3A-3D ). Placement of a Nucleopore filter shown), a marker of ventral progenitor cells at T levels (Ericson et al., 1995) . Thus, T level epidermal ectoderm between the paraxial mesoderm and T explants in the presence of BMP4 blocked expression of Slug but not is devoid of detectable rostralizing activity. In contrast, stage 6 prechordal mesoderm underlying the rostralof Msx1/2 (data not shown), suggesting that R level paraxial mesoderm requires contact with responsive tismost region of the neural plate did induce Nkx2.1 expression in R level neural plate explants, but only in sues to exert its caudalizing activity. R level paraxial mesoderm alone did not induce Slug ϩ or HNK-1 ϩ cells explants isolated at stage 4 and not at stage 6 (data not shown). These results provide evidence that the in T or R level neural explants (data not shown), indicating that the paraxial mesoderm activity does not act prechordal mesoderm possesses a rostralizing activity and also suggest that in chick, caudal neural plate cells simply by converting Msx1/2 ϩ progenitors into neural crest cells. T level lateral mesendoderm did not induce rapidly lose the competence to respond to this prechordal mesoderm signal. A detailed characterization Slug ϩ or HNK-1 ϩ cells when cultured with T level neural explants alone ( Figures 3I-3L ) or in the presence of of the rostralizing activity of prechordal mesoderm is described by Dale et al. (1997) , and therefore in the BMP4 ( Figures 3M-3P ). We found that T neural progenitors had lost the compresent study we have not investigated this activity further. The distinction in the early rostrocaudal properties petence to generate neural crest cells upon exposure to paraxial mesoderm-derived caudalizing (PMC) activof neural plate cells might, however, also depend on the existence of a factor that can impose caudal character ity at stage 9. However, such T neural progenitors remained responsive to BMPs as assessed by induction of on neural plate cells. We also tested for caudalizing activity in Hensen's node and the notochord by assaying the generation of caudal We next addressed whether caudal paraxial mesoderm can also confer caudal potential on cells in T neural cells of dorsal character in T explants. To achieve this it was necessary to eliminate SHH signaling, by mainplate explants with respect to the generation of ventral cell types. To test this, conjugates of stage 6 R level taining Hensen's node and the notochord in the presence of function-blocking anti-SHH antibodies (Ericson quail paraxial mesoderm and chick T neural explants were grown in the presence of the N-terminal fragment et al. , 1996) . Under these conditions, and in the presence of BMP4, neither Hensen's node nor the notochord inof SHH (SHH-N; 10 nM). R level paraxial mesoderm alone did not induce any ventral neural cell types in T level duced Slug ϩ cells in T explants (data not shown). By these criteria, neither Hensen's node nor the notochord explants in the absence of SHH-N ( Figures 4A, 4B, Figure 4M ), phenotypic markers characteristic of cells generated in the ventral telencephalon. In the Paraxial Mesoderm Signals and the Establishment of Caudal Character in the Neural Plate presence of both R level paraxial mesoderm and SHH-N, however, the number of Nkx2.1 ϩ cells in T level explants We next examined the temporal profile of PMC activity, addressing first whether PMC activity is detected at was reduced by ‫%59ف‬ ( Figure 4E ), and Isl1 ϩ /SC1 ϩ motor neurons ( Figure 4F ) and FP1 ϩ floor plate cells (Figure early stages of neural plate formation. We therefore isolated, at stage 4, the mesoderm located lateral to the 4G) were induced. In contrast, in the presence of T level lateral mesendoderm, SHH-N induced ventral forebrainprimitive streak, which lies beneath the ectoderm that is fated to become the caudal neural plate ( Figure 5 ; like Nkx2.1 ϩ cells and Isl1 ϩ /SC1 Ϫ cells ( Figures 4M and  4N ) but no floor plate cells ( Figure 4O ). These results see also the fate map of Garcia-Martinez et al., 1993) . This mesodermal tissue exhibited high PMC activity indicate that a signal from R level paraxial mesoderm can also caudalize T neural progenitors, as assessed when assayed on stage 6 T level neural plate explants grown in the presence of either SHH or BMP4 (Table 1) . by their ability to generate ventral cell types.
Axial midline cells of Hensen's node and the notoIn contrast, mesendoderm located rostral to Hensen's node ( Figure 5 ) was devoid of such activity (Table 1) . chord have been suggested to possess an activity that can induce caudal neural differentiation (Kintner and Thus, PMC activity is expressed at an early stage in the development of the caudal mesoderm and indeed prior Dodd, 1991; Storey et al., 1992; Henrique et al., 1997) . We therefore tested whether the caudalizing activity of to the overt differentiation of the neural plate. In view of this finding, we determined whether the the paraxial mesoderm could be mimicked by these two cell groups. Both R level notochord and Hensen's node caudal character of the neural plate is evident at this stage. To test this, prospective neural plate explants isolated from stage 6 quail embryos express sonic were isolated at stage 4 from a region of the ectoderm activity (Table 1 and Figure 5 ). In contrast, the third to fifth somites exhibited strong activity (Table 1 and Figure  posterior to Hensen's node and lateral to the primitive streak ( Figure 5 ). This region is fated to give rise to 5). At stage 10, neither the unsegmented paraxial mesoderm nor any somites possessed PMC activity (data not neural tissue at hindbrain and spinal cord levels (GarciaMartinez et al., 1993) . When grown alone, these ectodershown; Figure 5 ). Thus, PMC activity is expressed from stages 4-9 and over this period becomes restricted to mal explants generated neural tissue as assessed by expression of the L5 marker (Figures 6C and 6F ; Roberts the paraxial mesoderm adjacent to the neural plate at caudal levels. et al., 1991). In addition, L5 ϩ /Slug ϩ cells were generated upon exposure to BMP4 (Figures 6E and 6F) . Moreover, upon exposure to SHH-N, these explants gave rise to FGF Can Induce Caudalizing Properties Isl ϩ /SC1 ϩ motor neurons ( Figure 6Q ) and FP1 ϩ floor in Rostral Mesendoderm plate cells ( Figure 6R ). In contrast, addition of BMP4 to Several candidate factors have been suggested to prothe region of prospective anterior neural plate that is mote the development of caudal character within the fated to become forebrain (a region midway between neural plate and neural tube. There is extensive evidence areas "er" and "d" in Garcia-Martinez et al., 1993) generthat retinoids cause a rostral-to-caudal transformation ated Msx1/2 ϩ but not Slug ϩ cells (Figures 6J and 6K ). in cell fate at hindbrain and forebrain levels of the neural Exposure of such explants to SHH-N generated L5 ϩ / tube (reviewed by Conlon, 1995) . However, neither allNkx2.1 ϩ cells ( Figure 6V ) and Isl1 ϩ /SC1 Ϫ cells (Figure trans retinoic acid nor 9-cis retinoic acid (10 Ϫ11 -10 Ϫ7 M) 6W) but not FP1 ϩ floor plate cells ( Figure 6X ). Taken mimicked the ability of R level paraxial mesoderm to together, these results indicate that PMC activity is exinduce Slug ϩ cells in T explants grown in the presence pressed at high levels in the prospective mesoderm of BMP4 (data not shown). at stage 4 and show also that the early rostrocaudal FGFs have also been suggested to play a role in the character of caudal neural plate cells has been specified induction of neural cells of caudal character in Xenopus at this stage.
ectoderm (Cox and Hemmati-Brivanlou, 1995 ; Kengaku We next examined the spatial profile of expression of and Okamoto, 1995; Lamb and Harland, 1995) . More-PMC activity in more detail. At stage 6, paraxial mesoover, in vivo studies in chick embryos have shown that derm from R and mesencephalic levels possessed high basic FGF (bFGF) can mimic the ability of Hensen's node PMC activity, whereas paraxial mesoderm from dienceto induce expression of cash4, a neurogenic basic helixphalic levels and from the region of the ectoderm caudal loop-helix (bHLH) gene that is expressed transiently by to Hensen's node exhibited a lower activity (Table 1 and caudal neural plate cells (Henrique et al., 1997) . We Figure 5 ). At stage 7 (three somite stage), the somites therefore tested whether FGFs might mediate the cauexhibited strong PMC activity, whereas the preotic latdalizing activity of the paraxial mesoderm. Addition of eral mesoderm and the unsegmented paraxial meso-FGF2 (25-100 ng/ml) in the presence of BMP4, however, derm located caudal to the somites possessed much did not lead to the generation of Slug ϩ cells in T level lower activity (Table 1 and Figure 5 ). At this stage, paraexplants ( Figure 7A) . Similarly, the addition of FGF2 in xial mesoderm caudal to Hensen's node and at rostral the presence of SHH-N (10 nM) resulted in the generation R levels exhibited no PMC activity. At stage 8 (five somite of Isl1 ϩ /SC1 Ϫ cells but not motor neurons ( Figure 7H ). stage), PMC activity was no longer detectable in paraxial Thus, FGF2 does not mimic the activity of caudal parmesoderm rostral to and including the first somite. Caudal unsegmented paraxial mesoderm exhibited a low axial mesoderm.
It remains possible that in the in vivo systems in which bFGF is able to induce a PMC-like activity in T level lateral mesendoderm and thus suggest that in the chick the caudalizing activities of retinoic acid and FGF have been demonstrated, these agents may affect neural patembryo, FGFs may contribute to the acquisition of caudal neural plate character through an indirect action tern only indirectly by modifying the rostrocaudal positional signaling properties of the paraxial mesoderm. If mediated by paraxial mesoderm. this is indeed the case, retinoic acid or FGFs might be capable of inducing caudalizing activity in T level lateral Discussion mesendoderm, which, as shown above (Figures 4M-4O) , is normally devoid of such activity.
An early step in the patterning of the vertebrate nervous system is the allocation of regional identity to cells loWe tested first whether addition of all-trans retinoic acid or 9-cis retinoic acid (10 nM) to T level lateral mescated at different positions along the rostrocaudal axis of the neural plate. Analysis of the expression of several endoderm explants could induce a caudal potential in the T neural plate cells. Simultaneous addition of retinoic marker genes, notably transcription factors (Shimamura et al., 1995) , taken together with the pattern of generaacid and SHH-N (10 nM) to conjugates of T level neural plate and T level mesendoderm did not result in the tion of specific cell types has revealed a fundamental distinction in the identity of progenitor cells located at generation of Isl1 ϩ /SC1 ϩ motor neurons (data not shown). Similarly, addition of retinoic acid and BMP4 failed to telencephalic and more caudal levels of the neural tube.
In this study, we provide evidence that the establishresult in the induction of Slug ϩ cells in most ‫)%07ف(‬ of the explants, although a few (2-4) Slug ϩ cells were ment of this distinction in early rostrocaudal character of neural plate cells may be controlled, in part, by the detected in a minority ‫)%03ف(‬ of explants. In contrast, Ͼ100 Slug ϩ cells were generated in response to paraxial spatially restricted expression of a secreted activity (PMC) derived from paraxial mesoderm. PMC activity mesoderm ( Figure 3F ). Thus, retinoids appear unable to induce significant caudalizing activity in T level lateral can impose caudal properties on telencephalic progenitor cells, such that their exposure to dorsalizing (BMPmesendoderm.
We next examined the activity of FGF2 in this assay. mediated) or ventralizing (SHH-mediated) signals elicits the differentiation of dorsal and ventral cell types charWhen added alone, FGF2 (50-100 ng/ml) did not induce Slug ϩ cells or Isl1 ϩ /SC1 ϩ motor neurons in T mesendoacteristic of the caudal neural tube. In turn, the establishment of telencephalic progenitor properties would seem derm/T neural plate conjugates ( Figures 7C, 7J , and 7K). As described above ( Figures 3N and 4N) , no Slug ϩ cells to depend on the exclusion of PMC activity from the prechordal mesoderm or lateral mesendoderm in addior Isl1 ϩ /SC1 ϩ motor neurons were detected after exposure of such conjugates to BMP4 or SHH-N, respection to the activity of a rostralizing signal derived from the prechordal mesoderm (see Ang et al., 1994 ; Dale et tively, in the absence of FGF2. However, addition of FGF2 in the presence of BMP4 to T mesendoderm/T al., 1997). The Msx1/2 character of telencephalic progenitor cells at early neural plate stages appears also neural plate conjugates resulted in the generation of 70 Ϯ 21 Slug ϩ neural cells ( Figure 7E) . Similarly, addition to depend on the initial exclusion of BMPs from the flanking epidermal ectoderm. Taken together, these reof FGF2 to T mesendoderm/T neural plate conjugates in the presence of SHH-N (10 nM) resulted in the generasults suggest that the early distinction in the properties of neural plate cells fated to give rise to the telencephation of many Isl1
ϩ motor neurons ( Figure 7N ). In addition, the number of Nkx2.1 ϩ cells generated in these lon and to more caudal structures involves positional differences in the signaling properties of both the mesoexplants was reduced by 60%-70% in the presence of FGF2 ( Figure 7M ). These results provide evidence that derm and epidermal ectoderm. 
A Caudalizing Activity in Paraxial Mesoderm
experiments, however, the induction and regionalization of the neural plate have not been examined separately. Several findings described here raise the possibility that a signal derived from caudal level paraxial mesoderm A somite-derived signal has been shown to induce a partial caudal transformation of rostral hindbrain neural is involved in establishing the early caudal character of neural plate cells. During normal development, PMC tissue in chick embryos (Itasaki et al., 1996; GrapinBotton et al., 1997) . The temporal expression of PMC activity is detected in the prospective caudal mesoderm at stage 4, prior to the overt differentiation of the caudal activity described in this study and the somite-derived hindbrain caudalizing activity, however, differ. It is likely, neural plate. PMC activity is maintained by the caudal paraxial mesoderm for a limited period at stages of neutherefore, that two distinct signals derived from caudal level paraxial mesoderm can confer neural plate cells ral tube development. The expression of PMC activity at these stages in a domain adjacent to the prospective with different aspects of caudal character. PMC activity has been most clearly implicated in the establishment rostral spinal cord, rhombencephalon, and mesencephalon suggests that PMC activity could also contribute of an early caudal neural character, whereas later refinements in positional identity at hindbrain levels appear to the acquisition of later caudal properties by neural cells.
to be controlled by the activity described by Itasaki et al. (1996) and Grapin-Botton et al. (1997) . The generation of neural crest cells and floor plate cells together with the loss of Nkx2.1 cells suggests
Retinoids (Conlon, 1995; Lamb and Harland, 1995; Papalopulou and Kintner, 1996) , FGFs (Doniach, 1995;  Pownthat, when exposed to PMC activity, T neural plate cells acquire the properties of progenitor cells normally loall et al., 1996) , and Wnts (McGrew et al., 1995) have been proposed as candidate factors involved in the accated caudal to the diencephalon. In addition, the generation of motor neurons from T explants exposed to PMC quisition of caudal neural plate identity in vertebrate embryos. PMC activity is not mimicked by retinoids, by activity suggests that some T neural plate cells acquire properties of progenitor cells located in or caudal to the FGFs, or by different classes of Wnts (Wnt 1, Wnt 4, Wnt 5A; J. Muhr, unpublished data). PMC activity is mesencephalic level of the neuraxis. We have, however, not detected the expression of the hindbrain level likely, therefore, to be mediated by a factor distinct from previously described caudalizing molecules. marker Krox 20 (Wilkinson et al., 1989) or the midbrain marker En-2 (Davis and Joyner, 1988) in T explants exIt remains possible, however, that certain factors with caudalizing activities, defined on the basis of in vivo posed to PMC activity (unpublished data). It is likely, therefore, that additional signals present in vivo but not assays, may affect neural pattern only indirectly and may normally be involved in establishing the positional in vitro are required to generate further rostrocaudal distinctions in neural cell identity.
signaling properties of the paraxial mesoderm. In chick embryos, one class of such factors may be the FGFs. Recent in vivo studies have shown that bFGF can mimic PMC Activity and Its Relationship to Other Caudalizing Signals the activity of Hensen's node to induce the expression of cash4, a neurogenic bHLH gene expressed transiently Activities that confer caudal identity to neural plate cells have been described previously. In amphibian embryos, in the caudal neural plate (Henrique et al., 1997) . Our in vitro studies show, however, that neither Hensen's node the analysis of cell differentiation in grafts of naive ectoderm inserted into the neural plate provided early evinor bFGF can mimic the ability of the paraxial mesoderm to induce caudal neural properties in telencephalic neudence for the existence of a factor that can caudalize neural plate tissue (Nieuwkoop, 1952) , but the origin and ral plate explants, whereas FGF2 can induce PMC activity in rostral mesendoderm. Thus, it is possible that the nature of this activity was not defined. Similarly, signals derived from late organizer (or Hensen's node) tissue activity of Hensen's node and bFGFs on neural patterning detected in vivo are mediated, at least in part, can induce neural tissue of caudal character in Xenopus and chick ectoderm tissue (Kintner and Dodd, 1991;  indirectly through an action to caudalize the paraxial mesoderm. The expression of several fgfs, including fgf3 Storey et al., 1992; Henrique et al., 1997) . Recent studies have also provided evidence that avian paraxial mesoand fgf8 in the primitive streak region (Mahmood et al., 1995a (Mahmood et al., , 1995b , taken together with the detection of derm possesses a caudalizing activity when assayed on Xenopus ectodermal tissue (Bang et al., 1997) . In these caudalizing activity in mesoderm located lateral to the primitive streak suggests that FGF may induce caudal
The dorsalizing role of BMP-mediated signals from the epidermal ectoderm may, however, extend only to properties in cells of the paraxial mesoderm as they ingress through the primitive streak.
the mid-diencephalic level at early neural plate stages. Epidermal ectoderm flanking the prospective rostral diencephalon and telencephalon lacks BMP4 and BMP7 Establishment of the Rostrocaudal Character expression at neural plate stages (Figure 1 ; data not of the Neural Plate shown), and our in vitro assays show that the epidermal Since PMC activity can convert T neural cells to a more ectoderm flanking the telencephalic level of neural plate caudal character, the caudal restriction in the domain is devoid of detectable dorsalizing activity. Thus, the of expression of PMC activity is presumably a prerequiearly exclusion of BMP expression from the epidermal site for the establishment of the telencephalic character ectoderm at rostral levels may effectively limit the doof neural plate cells. Other studies have demonstrated main within which neural crest generation occurs, indethe existence of a prechordal mesoderm activity that pendent of any restrictions imposed by the absence of can maintain or impose rostral character on caudal neu-PMC activity. Our results do not exclude that at later ral plate cells (Ang et al., 1994; Dale et al., 1997 ). An stages the epidermal ectoderm and even telencephalic active signaling process, therefore, appears also to be neural tissue itself may express BMPs (see Furuta et al., required to establish the rostral character of the neural 1997), but at these late stages, the competence of neural plate.
tissue to respond to BMPs with the generation of neural In our studies and in those of Dale et al. (1997) and crest cells appears to have been lost. Foley et al. (1997) , the caudalization and rostralization of the neural plate occurs later than the process of neural Coordination of Rostrocaudal and Dorsoventral induction itself. This raises the issue of the positional Pattern in the Forebrain character of the neural plate at the time of its initial
The present studies on the patterning activity of the induction. Ectopic neural plate tissue that exhibits neiparaxial mesoderm and epidermal ectoderm, together ther rostral nor caudal character can be induced in chick with the analysis of the inductive properties of the preembryos (Streit et al., 1997) . The imposition of rostral and chordal mesoderm (Dale et al., 1997) , suggest that the caudal character on neural plate cells by mesodermal establishment of cell fate and pattern at rostral diencesignals could therefore occur in a manner distinct from, phalic/telencephalic regions of the neuraxis deploys and subsequent to, the induction of an unpatterned neumany of the same signals that operate at caudal levels ral plate primordium. This possibility was considered in but uses them in different strategic combinations. studies of neural induction by Waddington and NeedAt caudal levels of the neuraxis, the diversification of ham (1936) . A contrasting view, however, has emerged cell types depends on the ventralizing activity of SHH from certain studies of neural induction and patterning from the axial mesoderm and on the dorsalizing activity in Xenopus, which suggest that newly induced neural of BMPs from the epidermal ectoderm (Tanabe and Jesectoderm possesses an initial rostral (anterior) charsell, 1996) . The early establishment of telencephalic acter and that the establishment of caudal identity incharacter within the neural plate appears also to involve volves a secondary transformation of rostral neural tisspatial restrictions in SHH and BMP signaling, but in a sue (Nieuwkoop 1952; Doniach, 1993; Harland, 1997) .
manner divergent from that operating at caudal levels. These different interpretations could reflect fundamenIn the ventral region of the rostral diencephalon and tal distinctions in the programs by which neural pattelencephalon, BMP activity appears to cooperate with, terning is achieved in amniotes and amphibia, or the rather than antagonize, SHH signals in establishing midfragmentary nature of the information currently available line cell fates (Dale et al., 1997) . In contrast, in the dorsal on the cellular and molecular events that underlie in region, progenitor cell properties may depend on the early neural patterning in vertebrates.
early exclusion of BMPs from the epidermal ectoderm. Thus, at rostral diencephalic and telencephalic levels of Dorsal Patterning in the Telencephalon the neural plate, there appears to have been a dorsalThe acquisition of dorsal neural fates at spinal cord to-ventral translocation (from the epidermal ectoderm to levels is initiated at the neural plate stage and appears the prechordal mesoderm) in the source of BMP signals. to involve a BMP-mediated signal from the epidermal This inversion in the polarity of BMP signaling, together ectoderm .
with the spatial restriction in PMC activity, may underly The present studies extend these observations by promany of the distinctions in inductive signaling properties viding evidence that BMPs also control the differentiaof cell groups that flank the neural plate. These distinction of dorsal cell types at more rostral levels of the tions are likely to contribute to the emergence of a diverneuraxis. Recent studies of BMP7 activity in the mouse gent program of cell differentiation at telencephalic lev- (Arkell and Beddington, 1997) are also consistent with els of the neuraxis. the view that BMP-mediated signals dorsalize the neural tube at hindbrain levels. In chick, both BMP4 and BMP7 
